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EFFECT OF OPEN CIRCULAR HOLES OR TENSILE STRENGTH 
’ AND ELONGATION OF SHEET SPECIMENS 
OF A MAGNESIUM ALLOY 
By R. S. Barker 

SUMMARY 


The effect of open circular holes on the tensile strength and 
elongation of sheet specimens of magnesium all oy AM-C52S in' both the 
annealed and the hard-rolled conditipn was investigated. Tests were 
made to study the effect of variable ratio of hole diameter to total 
specimen width and also the effect of spacing and arrangement of the 
holes. 


It was found that greater reductions in strength were exhibited 
by the annealed material than by the hard-rolled material; conversely, 
the hard-rolled material showed the greater reductions in elongation. 

In general the results were similar to those of aluminum-base alloys 
(NACA TR 197^) except that the 1-inch-wide, single-hole specimen of the 
annealed material had a reduction in strength of about 19 percent com- 
pared with a maximum reduction of about 11 percent for any of the 
aluminum alloys tested. f 


INTRODUCTION 


In the design of aircraft assemblies of aluminum- and magnesium- 
alloy sheet the effect of stress concentration at perforations such as 
rivet and bolt holes becomes important. The lightweight design of air- 
craft components demands small margins of safety to be used and this 
in turn requires suitable allowance in design for any strength reduc- 
tions resulting from stress concentrations. An investigation (refer- 
ence l) of the type reported herein has been made on several aluminum 
alloys In sheet form and this report Is an extension of that work to 
include a magnesium alloy.. 

The purpose of this investigation was to study the effect of open 
circular holes on the tensile strength and elongation of sheet specimens 
of magnesium alloy AM-C52S in both the annealed (AM-C523-0) and the hard- 
rolled (AM-C52S-H) condition. Tests were made to study the effect of 
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variable ratio of bole diameter to total specimen width and also tbe 
effect of spacing and arrangement of tbe boles. Tbe evaluation of the 
effect of open circular holes on specimens such as those tested in this 
investigation will not be equivalent to that in tbe case of a riveted 
or bolted Joint but will nevertheless serve to indicate tbe necessary 
precautions against such stress concentrations. 

This work was done by tbe Aluminum Company of America and has been 
made available to the National Advisory Committee for Aeronautics for 
publication because of its general interest. 


DESCRIPTION OF SPECIMENS 


Descriptive dimensions of the various types of specimens are con- 
tained in table I. The specimen design used in the present investiga- 
tion conforms to that previously used. All specimens were cut from 
0.032-inch (nominal) sheet. Specimens were all O.96O inch wide except 
for types 2 and 3 which were respectively 0.W30 and 0.2^ inch. All 
specimens were cut across grain. The holes were subdrilled with a 
No. 43 drill (0.089-in. diam. ) and reamed with a No. kl drill (0.096-in. 
diam. ) . These dimensions were arbitrarily chosen to give a ratio of 
hole diameter to sheet thickness of 3. 


TESTING PROCEDURE 


Dimensions of the specimens were accurately measured before testing. 
Width and thickness measurements were made with a micrometer caliper which 
was read to 0.0001 inch. Hole diameters were determined with plug gages. 
Average measured dimensions are listed in table II for each type of 
specimen. The maximum variation of any measurement from the average was 
less than 1 percent. 

Net areas were obtained by multiplying the least net width by the 
thickness of the specimen. For specimens containing staggered holes, 
the net width was obtained by deducting from the gross width the sum 
of the diameters of all the holes in the chain and adding for each gage 
space in the chain the quantity. 


s^ 
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where 

s longitudinal spacing (pitch) of any two successive holes 

(measured in the direction of stress), inches 

g transverse spacing '( gage ) of the same two holes (measured 

normal to the direction of stress), inches 

Nominal values of pitch and gage were used in calculating net areas. 

All types of specimens were tested in triplicate. The tensile 
strengths determined for the solid specimens were averaged and the 
result was used as the tensile strength for the material. Specimens 
were tested in a 40,000-pound- capacity Amsler testing machine. 

Elongations on various gage lengths were measured on solid specimens 
and specimens containing a single central hole. These elongations were 
obtained by the use of the photogrid method, a 0.1- inch grid being 
printed on one surface of the specimen (reference 2). The changes in 
distance between adjacent lines in the grid were measured with a 
42 -power micrometer microscope. Readings were taken along the center 
line of the specimen. For the perforated specimens, the broken pieces 
were matched together and clamped in position. Measurement was then 
made of the gap at the edges of the hole and this distance subtracted 
from the measured distance between the nearest two transverse lines. 

The results, therefore, represent the elongation occurring on the longi- 
tudinal center line of the specimen. 


RESULTS OF TESTS AND DISCUSSION 
Tensile Properties of Materials 


Mechanical properties are listed in table III along with typical 
values (reference 3). Average values are given for the tensile strength. 
The maximum variation from average was 1.5 percent. The mechanical 
properties determined are in good agreement with the typical values 
given for the materials. 


Specimens with Single Central Hole 

Specimens with a single central hole are those comprising series I 
in table I. These tests were made to study the effects of the ratio of 


•^ype 20 ZBDA, Serial No. 4318 




4 


NACA TN 2716 


hole diame ter to total specimen width. Variations in this ratio were 
obtained by varying the width of specimens, the hole diameter and the 
thickness of material remaining constant. A summary of the results of 
the tests on this group of specimens is given in table IV. Values 
obtained from the A specimens (on which grids had been printed) were 
not used in obtaining the average results for this series of specimens. 
These specimens, tested at a later date and in a different testing machine, 
indicate results which are not consistent with the B and C specimens. 

This is particularly evident in the case of the type 3 specimen, where, 
because of the extremely small cross-sectional area, any inaccuracy in 
measurement would be of prime importance. 

The efficiency values as a function of d/b (ratio of hole diam- 
eter to total width) are shown in figure 1. It may be seen that 
AM-C52S-0 exhibits its minimum value of efficiency, equal to 8l percent, 
at approximately d/b = 0.1. Because of the small cross section of the 
sheet specimens tested in this investigation no attempt was made to 
measure reductions in area. It has been shown, however, (reference 4) 
that the percent reduction in area is a function of d/b and the 
value of d/b for minimum reduction in area agrees well with the value 
of d/b for mi nimum efficiency. Alloy AM-C52S-H seems to be practi- 
cally insensitive to a change in the ratio d/b, having a nearly con- 
stant value of efficiency equal to about 96 percent. 

Inspection of the specimens revealed considerable narrowing down 
of the specimen across the fractured section which would seem to indicate 
that if this pattern were repeated in a wide specimen less reduction 
in strength would occur. 

Contradictory to what might ordinarily be expected, the annealed 
material exhibited greater reductions in strength than the hard-rolled 
material. The primary reason for this is not too clearly known although 
several partial explanations have been suggested (references 5 to 8). 

There does not seem to be any common index by which to predict the effect 
of the perforation on the strength reduction. 

Figure 2 shows the elongation of standard tensile specimens over 
various gage lengths. These curves indicate the manner in which percent 
elongation decreased with an, increase in gage length (reference 9)* The 
eiffect of a single central hole on the elongation of a tensile specimen 
for the material tested is shown by figure 3- It can be seen from these 
curves that the presence of a hole greatly decreases the over-all elonga- 
tion of the member at failure. The ratio of the elongation of a l/ 4-inch 
perforated specimen to that for a l/4-inch solid specimen over gage lengths 
from 0.2 inch to 2 inches is plotted in figure 4. The curves of figure 4 
indicate that, contrary to the relation for the reduction in strength, 
the reduction in elongation is greater for the hard-rolled material than 
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the annealed material. In the case of AM-C52S-H, the elongation measured 
over 2 inches of the perforated specimen was only about 2 percent of the 
value for a solid specimen while for AM-C523-0 it was about 3*5 percent 
of the value for a solid specimen. Figure 5 illustrates the elongations 
over varying gage lengths for the material tested, as it is affected by 
the ratio of hole diameter to sheet width. It is seen that an increase 
in d/b ratio results in a decrease in percent elongation- in all cases. 
This is reasonable to expect since for the narrow specimens the ratio of 
net to gross area will be smaller than for the wide specimens. 


Specimens Containing Two Staggered Holes 

The specimens included in series II of table I contain two holes, 
each located with the same eccentricity on opposite sides of the longi- 
tudinal center line and with varying pitch (spacing in the direction of 
stress) . 

r- 

The results of the tests on this series of specimens are summarized 
in table V. For AM-C52S-H, when the pitch became equal to the eccen- 
tricity (type 25), the fracture did not occur on the net section corre- 
sponding to that for which the net area was calculated. Calculations of 
the least net section indicated that the least net width would follow 
a staggered pattern. Failure, however, was straight across the specimen 
through one hole. Alloy AM-C52S-0 did not react in the same manner, all 
failures occurring through the calculated least net section. 

The efficiency values for the specimens of this type are plotted in 
figure 6 against the ratio of pitch to gage- s/2e, where e is the spacing 
between a hole and the center line. The nature of the failure is also 
indicated in this figure. These curves indicate in general that, for a 
given gage, the efficiency decreases with increase in pitch as long as 
the least net width results in a staggered line. For failures that occur • 
straight across, however, the ratio of pitch to gage has little effect 
on the efficiency. As was the case for the single-hole specimens, 
greater reductions in strength are exhibited by the annealed material 
than the hard-rolled material. The efficiency of this type of specimen 
is considerably lower than that of a specimen with a single central hole. 
This is accounted for by the fact that when staggered holes are present 
bending stresses are introduced because of the eccentricity of the holes. 
The lowest efficiency, based on the least net width, occurred with a 
pltch-to-gage ratio of 2 (type '27), the average values being jk percent 
for AM-C52S-0 and 79 percent for AM-C52S-H. 


Specimens with Four-Hole Pattern 

The specimens listed under series III of table I contain four holes 
arranged in a symmetrical pattern. All specimens were of the same width 
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and the holes had a constant gage. As with the staggered two-hole 
pattern, the variable studied was the pitch of the holes. Results of 
the tests on specimens in this group are summarized in table VI and 
the efficiencies of the different types of specimens are plotted in 
figure 7 against the ratio of pitch to gage. These curves illustrate 
that for a fracture occurring on a staggered line the efficiency 
decreases for an increase in pitch while, for specimens which fracture 
straight across, the efficiency is increasing at a ratio of pitch to 
gage of 2, the limiting ratio tested. Consistent with the other two 
patterns tested the anqealed material again indicates greater reduc- 
tions in strength than the hard-rolled material. 

For this group of specimens, the lowest efficiencies, based on the 
least net width, occurred with specimens of type 37 which has a pitch- 
to-gage ratio of 1. Average values were 84 percent for AM-C52S-0 and 
93 percent for AM-C52S-H. The efficiency values obtained on specimens 
in this group were higher than those for the two-hole staggered pattern 
and suggest higher efficiencies if the two-hole staggered pattern were 
repeated in wide specimens. This has been shown to be the case by a 
previous supplementary investigation (reference 10) where the two-hole 
pattern repeated in a wide specimen indicated a reduction of strength 
of not over 5 percent as compared with corresponding reductions of 
almost 20 percent in narrower specimens containing a s ingle two-hole 
staggered pattern. 


SUMMARY OF HESHUTS 


The results of tests to determine the relative effect of various 
patterns of open circular holes, covering a range of d/b (ratio of 
hole diameter to total width) values and hole spacings, on the tensile 
strength and elongation of AM-C52S-0 and AM-C52S-H magnesium-alloy-sheet 
specimens may be summarized as follows: 

1. Mechanical properties of the materials used were in good agree- 
ment with the typical values given for the materials. 

Specimens with single central hole: 

2. The hole produced a reduction in the ultimate tensile stress 
based on the net section of the specimen, the reduction being greater 
for the annealed material. 

3. The reduction in strength for AM-C52S-0 varied with the ratio 
of hole diame ter to width of sheet, amounting to about 19 percent at 

a d/b ratio equal to 0.1 and about 8 percent for d/b ratios of 0.2 
and 0.4. 
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4. For AM-C52S-H the reduction in strength was independent of 
d/b ratios (between 0.1 and 0.4) and did not exceed 5 percent. 

v 

5. The elongation values for the perforated specimens were greatly 
reduced over those for solid specimens of the same width. The reduction 
was greatest for the narrowest specimen and for the hard-rolled material. 

For a ratio of d/b equal to 0.4 the reduction in elongation in a 2-inch 
gage length was about 98 percent for AM-C52S-H and 96.5 percent for 
AM-C52S-0. On a 0.2-inch gage length, the reduction in elongation was 
about 91 percent for AM-C52S-H and 82 percent for AM-C52S-0. 

6. The single-hole pattern repeated in a wide specimen probably 
will result in smaller reductions in strength than for the single-hole 
specimens tested. 

Specimens containing two staggered holes: 

7. The holes produced a reduction in ultimate tensile strength on 
the net section which increased with an increasing ratio of pitch to 
gage, to a ratio value of 1, beyond which the reduction was practically 
constant . 

8. The reduction in strength was greatest for AM-C52S-0, the maxi- 
mum reduction being about 26 percent. 

9. The maximum reduction in strength for AM-C52S-H was about 
21 percent . 

10. This pattern repeated in a wide specimen will probably result 
in less reduction in strength occurring. The results of a previous 
supplementary Investigation showed that when the staggered two-hole 
pattern was repeated in a wide specimen the reduction in strength was 
only about 5 percent while for narrower specimens containing only two 
holes in a staggered pattern reductions of almost 20 percent were 
produced. 

Specimens with four-hole pattern: 

11. For the specimens conta in ing four holes in a symmetrical diamond 
pattern in which the pitch of the holes was varied, the reduction in 
strength increased with increasing ratio of pitch to gage to a ratio 
value of about 1 and then decreased. 

12. The reduction in strength was greatest for AM-C52S-0, the maximum 
reduction in strength being about 16 percent. 

13. The maximum reduction in strength for AM-C52S-H was about 7 percent. 
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General: 

Greater reductions in strength were exhibited hy the annealed 
material (AM-C52S-0) than the hard-rolled material (AM-C52S-H). 

15. No common index is evident hy which to predict the effect of 
the perforation on the amount of strength reduction. 

16. In certain special arrangements of holes such as a single central 
hole or two holes in a staggered pattern, the resulting reduction in 
strength may he on the order of 20 percent for the single central hole 
and 25 percent for the two staggered holes. However, conditions which 
more nearly represent those commonly met in practice would have this 
pattern repeated and the reductions in strength would not be so great. 

17- The reductions in elongation caused by open circular holes in 
sheet specimens, contrary to the relation for reductions in strength, 
are greater for AM-C52S-H than AM-C52S-0. 

18. The behavior of the magnesium-base all oy is in general like that 
of the previously investigated aluminum-base alloys, except for the 
1-inch-wide, single-hole specimen of the annealed material, which 
exhibited a reduction in strength of about 19 percent, compared with a 
maximum reduction of' about 11 percent for any of the aluminum alloys 
tested. 


Aluminum Research Laboratories 
• Aluminum Company of America 

New Kensington, Fa., June 29, 19^9 



2L 


MCA TN 2716 


9 


REFERENCES 


1. Hill, H. N., and Barker, R. S.: Effect of Open Circular Holes on 

Tensile Strength and Elongation of Sheet Specimens of Some Aluminum 
Alloys. MCA TN 1974, 1949. 

2. Brewer, Given A., and Glassco, Robert B.: Determination of Strain 

Distribution by the Photo-Grid Process. Jour. Aero. Sci., vol. 9, 
no. 1, Nov. 19^1, pp. 1-7- 

3. Anon.: Forming Alcoa Aluminum and Magnesium. Aluminum Co. of Am., 

1947. 

4. Dorn, John E., and Meriam, J. L. : Properties and Heat Treatment of 

Magnesium Alloys: Part II - Notch Sensitivity of Magnesium Alloys 

(NA-144-). OSRD No. 1819 , Ser. No. M-104, War Metallurgy Div., 

NDRC, Sept. 3, 1943. 

5. Dorn, John E., and Comet, I.: Properties and Heat Treatment of 

Magnesium Alloys (NA-144): Part V. Section II - The Notch 

Sensitivity of Magnesium Alloy Extrusions and the Influence of 
Various Factors. OSRD No. 3043, Ser. No. M-177, War Metallurgy 
Div., NDRC, Dec. 20, 1943. 

6. Doan, J. P. , and McDonald, J. C.: The Notch Sensitivity in Static 

and Impact Loading of Some Magnesium-Base and Aluminum-Base Alloys. 
Proc. A.S.T.M., vol. 46, 1946. 

7. Lubahn, J. D. : Notch Tensile Testing. Fracturing of Metals, Twenty- 

Ninth Nat. Metal Cong., Am. Soc. Metals, 1948. (Also available in 
Trans: Am. Soc. Metals, vol. 40A, 1948, pp. 90-132.) 

8. Matthaes, K.: Die Kerbwirkung bei statischer Beanspruchung. Luft- 

fahrtforschung, Bd. 15, Lfg. l/2, Jan. 20, 1938, pp. 28-40. (Also 
available in translation as NACA TM 862, 1948.) 

9. Templin, R. L., and Sturm, R. G.: Some Stress-Strain Studies of 

Metals. Jour. Aero. Sci., vol. 7, no. 5, March 1940, pp. 189-198. 

10 . Leary, J. R. , and Hill, H. N. : The Effect of Open Circular Holes on 

the Tensile Strength and Elongation of 24S-T Sheet. Rep. 12-46-15, 
Aluminum Res. Lab., Aluminum Co. of Am., May 29, 1946. 



10 


MCA TN 2716 


TABES I 

HOMUIAL DIKErSIOiS OF PERFORATED SPECIMENS 
[t - 0.032 In. (20 gage); d = 0 . 09 &I In. (no. 4l drill); d/t - 3 ]] 
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TABIE II 

MEASURED DIMENSIONS OF PERFORMED SPECIMENS 


Specimen 

type 

Dimension 

measured 

(1) 

Average measurement 
(in.) 

(2) 

AM-C52S-0 

AM-C52S-H 

1 

b 

0.94-70 

0.94-58 


t 

.0351 

.0333 


d 

.096 

.096 

2 

b 

.4750 

.4720 


t 

.0350 

.0333 


d 

.D96 

.096 

3 

b 

.2338 

.2355 


t 

.0350 

.0333 


d 

.096 

.096 

23 

b 

.9462 

.9472 


t 

.0350 

.0333 


d 

.096 

.096 

25 

b 

. 9 W 3 

.9490 


t 

.0351 

.0333 


d 

.096 

.096 

26 

b 

.9487 

.9490 


t 

.0350 

.0333 


d 

.097 

.096 

27 

b 

.9493 

.9500 


t 

.0350 

.0333 


d 

.096 

.096 

35 

b 

.9580 

.9577 


t * 

.0351 

.0333 


d 

.096 

.096 

36 

■b 

.9578 

.9577 


t 

.0350 

.0333 


d 

.096 

.096 

37 

b 

.9580 

.9602 


t 

.0350 

.0333 


d 

.096 

.096 

38 

V 

.9570 

•9553 


t 

.0350 

.0333 


d 

.096 

.096 


•'■b, width of specimen; t, thicknesB of specimen; d, hole diameter. 

2 Average of triplicate specimens for each type of specimen except for type 1, 
2, and 3 where A specimens have not been included. 




TABLE III 


te' 


TEKSIIE PROPERTIES OF MATERIALS USED IK TESTS 




Mechanics! 

p-rnpp-H-.-l sr 

Typionl mffrVtBnlccI prcpp'H-. 1 ps 



(1) 


■ 

(2) 


Alloy 

and 

temper 

Tensile 

strength 

Average 

yield3 

strength 

(pel) 





Average 

(pel) 

Maximum 

variation 

from 

average 

(percent) 

Average 
elongation 
in 2 in, 
(percent) 

Tensile 

strength 

(psi) 

Yield3 

strength 

(psi) 

Elongation 
in 2 in. 
(percent) 



AM-C52S-0 

37,260 

1.5 

24,600 

20 

38,000 

25,000 

18 

AM-C52S-H 

46,110 

1.4 

34,700 

12 

46,000 

34,000 

• 10 


^Determined from standard tenBile specimens. All properties cross grain. 

Values taken from reference 3. 

3_. . . _ . . 

“btresB at u.^-percent offset. 
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TABLE IV 


RESULTS OP TESTS ON SHECIMENS WITH SHJGIE CENTRAL HOIE 

^SerieB ij 


Type of 
specimen 

(a) 



AM-C52S-0 

AM-C52S-H 

Ultimate load 
(lb) 

Efficiency 

(percent) 

(c) 

Ultimate load 
(lb) 

Efficiency 

(percent) 

(c) 

1 

0.1 

A 

<*924 

<283 

d l 272 

<*98 



B 

915 

82 

1235 

95 



C 

890 

80 

1250 

96 



Av. 

903 

81 

1243 

96 

2 

.2 

A 

d 463 

d 94 

d566 

*98 



B 

447 

90 

557 

96 



C 

462 

93 

550 

96 



Av. 

455 

92 

554 

96 

3 

.4 

A 

d l 87 

d io4 

d 210 

d 100 



B 

170 

94 

204 

96 



C 

162 

■90 

200 

93 



Av. 

166 

92 

202 

95 


Eee table I for description of specimens, 
bRatio of hole diameter to width of specimen. 

Efficiency = Teasile strength based on net area x 10Q _ 

Tensile strength of material H 

m (jJ 

Not included in average. 
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TABLE V 


H 

4 =- 


RKSUIflB OT 0E9TS CO SFECIHEJB WITH TWO STAGtfflHED HOIES 


["Series III 

I— — ' 


Type of 
specimen 

(a) 

(4- - 
V “ 6/ 

00 

O 

AM-C52B-0 

AM-0523 -H 

Ultimata load 
(lb) 

Efficiency 

(percent) 

(a) 

Ultimate load 
(lb) 

Efficiency 

(percent) 

(0) 

23 

0 

A 

795 

81 

n?o 

91 



B 

81)0 

85 

1127 

97 



C 

828 

84 

1115 

96 



Ay. 

821 

83 

1131 

97 

25 

.5 

A 

789 

76 

1065 

86 *81 



B 

803 

77 

1075 

87 <382 



C 

816 

78' 

1050 

85 



Ay. 

803 

77 

1063 

O 

9 

VO 

CO 

26 

1 

A 

835 

75 

1030 

79 



B 

845 

7 6 

1030 

79 



C 

842 

7 6 

1036 

79 



Av. 

84l 

76 

1032 

79 

27 

2 

A 

800 

72 

1037 

79 



B 

811 

73 

1006 

77 



C 

852 

76 

1060 

81 



Av. 

821 

74 

1034 

79 


a See table I for description of specimens. 
bRatio of pitch to gege. 

Efficiency = Troalle strength based on net area 
ITsssils strength ot* 12 s.t 0 rl.sl 
^Based on area of fracture. 


X 100. 
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TABIE VI 


HEBUIUE OF HEMS CM 8EECIMEHS WITH 700B HOffiS 
Rories Hi] 


Typo of 
specimen 

(1) 

(f-§) 

(2) 

Specimen 

AM-Q22S-0 

4M-C52S-H 

Ultimate load 

(lb) 

Efficiency 

(percent) 

(3) 

Ultimate load 
(lb) 

Efficiency 

(percent) 

(3) 

OC 

rv 

A 

fljrO 


T A)iA 

t rvo 



B 

816 

93 

1020 

99 


" 

C 

858 

99 

1012 

99 



At* 

839 

96 

1024 

100 

^6 

.5 

A 

7*51 

82 

- 10^ 

06 



B 

787 ' 

86 

1008 

94 



C 

787 

86 

1015 

95 



Av. 

77? 

85 

1018 

95 

37 

1 

‘ A 

834 

83 

1093 

93 

* 


B 

853 

86 

1097 

93 



C 

834 

83 

1095 

92 



At* 

84o 

84 

1096 

93 

33 

2 

A 

883 

88 

1170 

100 



B 

666 

89 

-LL98 

102 



c . 

877 

88 

1150 

98 


- 

Av# 

882 

88 

1171 

100 


I f , OY» g or j Trfc ~t r>n rr£ Sp6Cil30I10 # 

2Hatio of pitch to gage. 

3Efficiency ° strength. baaed, on net area 


X 100, 


'Ui 


Tensile strength of material 
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Figure 1.- Effect of central circular liole on tensile strength of 
AM-C52S-0 and AM-C52S-H magnesium alloys. 



ELONGATION, per cent 
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' 3L 



Figure 2.- Variation of elongation with gage length. Solid specimen 
l/2 inch wide. AM-C52S-0 and AM-C52S-H magnesium alloys. 
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(a) AM-C52S-0 magnesium alloy. 

Figure 3.- Variation of elongation with gage length. Solid and 

perforated specimens. 
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(b) AM-C52S-H magnesium alloy. 
Figure 3.- Concluded. 
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GAGE LENGTH, in. 

p 
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(a) AM-C52S-0 magnesium alloy. 

Figure 5*- Variation of elongation with gage length for various 

d/b ratios. 


r cent 
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(b) AM-C52S-H magnesium alloy. 
Figure 5.- Concluded. 
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Figure 6.- Effect of two staggered holes on tensile strength of AM-C52S-0 

and AM-C52S-H magnesium alloys. 
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Figure 7 -- Effect of four -hole pattern on tensile strength of AM-C52S-0 

and AM-C52S-H magnesium alloys. 
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